hexavalent chromium. A computer file on masons was record linked to the Cancer Registry by making use of the personal identification numbers. Expected cancer incidence was calculated on the basis of number of person-years for each fiveyear age category during the individual calendar years of the study period and multiplied by the specific incidence for cause and calendar year for men in Iceland provided by the Cancer Registry. Results-The standardised incidence ratio (SIR) for all cancers was [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] The possible carcinogenic effect of silicate cement has been considered in several recent studies.'-" Of these, the cohort studies deal with cement manufacturers'25 and masons, 3 and attention has focused on stomach cancer, lung cancer, and colon cancer. The case-control studies have focused on gastrointestinal cancer,9 laryngeal cancer,6 squamous cell carcinoma of the upper aerodigestive tract,78 10 and lung cancer.I" Censuses and register based studies have found increased risk of lung and laryngeal cancer among workers exposed to cement and concrete. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] In a former study it was suggested that exposure to hexavalent chromium may be causally related to lung cancer in Icelandic masons. 3 The results from this single study on lung cancer3 do not allow one to draw a definite conclusion'7 and others cast serious doubt on the possible risk of lung cancer among cement workers.4 In case-control studies the risk of cancer of the mouth, oropharynx, hypopharynx, and larynx was associated with cement dust and it was argued that hexavalent chromium was involved.67 10 When discussing carcinogenicity of chromium and its salts it has been stated that carcinogenic risk should be related to a working process or to a group of metal compounds rather than to a single substance.'8 Hexavalent chromium has been classified as carcinogenic to humans. '9 In this study we followed up a cohort of masons in the Icelandic Cancer Registry for particularly gastrointestinal cancer intervals (95% CIs), assuming a Poisson distribution and making use of Byar's approximation. 23 A special survey on smoking habits among the cohort members who were alive and could be located was undertaken in 1995 with a postal questionnaire. The participation rate was 71-4%. The results of a nationwide survey (participation rate 73%) on smoking habits conducted in 1995 by the Committee for Tobacco Use Prevention, where the same questionnaire was used, served as a comparison. 24 Besides the questions on smoking habits, the masons were asked about the number of years they had worked at cement finishing and tile setting (table 1). Only 3% said that they had never done any cement finishing which means that they probably did not work as masons after their apprenticeships. Table 1 shows that cement finishing was the main task of those who answered the questionnaire and it seems sensible to conclude from the figures that the masons remained in their profession for several years.
The working tasks of the Icelandic masons have been described before.3 Their main job is to finish and smooth the surfaces of concrete structures, as more than 90% of houses of more than one storey in Iceland are built of reinforced concrete due to the danger from earthquakes. The concrete used to smooth the walls, ceilings, and floors inside and outside buildings is made of cement, sand, water, and small amounts of different compounds which are added to the mixtures. 25 The mixing of the concrete is done in a mixer fed and operated on by the assistant. Masons usually work in teams of two to five per assistant. If the team has no assistant, which is infrequent, the youngest of the masons in the team takes care of the concrete mixing. Mixing the concrete involves exposure to cement dust. During short preparatory periods before applying the wet concrete the masons are sometimes exposed to dry concrete dust, but more often the assistant has that task. Wet concrete is applied with a trowel or by spraying with a vacuum pump. The spraying produces a thick mist of wet concrete spray, so if working inside, it is difficult to see across the room. This is an aerosol of wet concrete. Respirator masks are used only spasmodically. Dermal contact with the wet concrete is intensive, particularly on the hands and face.
The concentration of hexavalent chromium in Icelandic cement in 1983 was 5-8-9-4 mg/kg.26 After the use of ferrous sulphate as a reduction agent began in 1992, the hexavalent chromium content dropped to less than 2 mg/kg.27 In the year 1987 the mean concentration of total dust in the air, measured in personal samples from eight masons over a three day period was 1 6-3 The results of the analysis from 1987 indicated that the masons were at that time exposed to hexavalent chromium, which we were not able to reproduce in the 1992 analysis.
Results Table 2 shows the observed and expected number of cancer cases, the SIRs, and the 95% CIs for selected cancer sites. The SIRs for lung cancer and for cancer of the small intestine were increased. Tables 3 and 4 show cancer rates with 10 and 30 year lags before counting person-years. In these analyses the SIR for lung cancer was increased and when 30 years elapsed before the counting of person-years started the SIR for all cancers was 1-33. Table 5 shows the SIRs (95% CIs) and the observed and expected numbers of all cancers and lung cancer according to year of birth. The SIR for lung cancer was higher among the masons born in 1920 or after. Table 6 shows the smoking habits among masons and a random sample of Icelandic men from a survey in 1995. There were fewer never smokers but more ex-smokers among the masons than among the general population.
Discussion
Our study confirms the excess of lung cancer previously found in a mortality study of (204) masons in Iceland.' There was a moderate increase in the SIRs for lung cancer with a longer lag period before the counting of person-years began. This agrees with what was found for deaths from all causes, from all cancers, and from lung cancer in the previous study. 3 Our cohort includes some of the same men as the previous study.' The number of men under study has increased from 450 to 1172. These two studies also have different end points. The previous study reported nine deaths from lung cancer, now there are 25 lung cancer cases. The follow up period is also different, the mortality was followed up from 1951 to 1982, whereas the follow up of the cancer incidence was 1955 to 1993. It should be considered as a strength of the study that the gathering of the cohort was done independently of those working on the study. This should secure unbiased development of the cohort, which was based on the authorities' lists of men who had been licensed as masons. Another strength of the study is the use of the Icelandic Cancer Registry. A high proportion of the cases in the Icelandic Cancer Registry have a histologically confirmed diagnosis. 22 The personal identification number was used for finding the cases in the registry, which gave very dependable results and it also supplied the cancer incidences for Icelandic men which provided the basis for the expected values. The information on cases and the control population was obtained in exactly same way, thus any bias that may occur in the collection of information on cancer should affect equally the observed and the expected values. Owing to the universal use of the personal identification numbers in Iceland, the comprehensive population registry, and the Cancer Registry, a 100% follow up was ascertained. As lung cancer is common, its expected numbers are quite stable-even in the population of Iceland, which numbers only 260 000.
The main weakness of this study is the lack of more detailed information on exposure. The vocational training to become a licensed mason in Iceland takes four years, which should be looked up on as a minimum exposure time in masonry, and which was served by every man before he entered the study. The survey of the number of years the men had worked as cement finishers indicates that most of the men who responded practised their profession for decades after their apprenticeship. Although limited, the analyses of exposure and urine samples indicate that the men were exposed to hexavalent chromium in the year 1987 before reduction with ferrous sulphate was introduced.
The differences in the activity of the various compounds of chromium may be related to their biological availability. Working with cement is an example of a situation involving mixed exposure to chromium and its compounds. The chemical and physical characteristics of the hexavalent form are most important because it readily crosses cell membranes. Chromate sensitisation plays an important part in the development of allergic contact dermatitis in cement work and ferrous sulphate has been used to reduce chemically the water soluble chromates in cement." No information on chromate dermatitis among Icelandic masons is available. A recent study on hexavalent chromium concentrations in cement, wet concrete, and dry concrete showed the highest concentration in wet concrete and lowest in dry concrete, and that ferrous sulphate significantly reduced hexavalent chromium concentrations in fresh cement and wet and dry concrete. 25 No cohort study has found anything but non-significant excesses of lung cancer among cement manufacturers.' ' The census based studies have shown an excess of lung cancer among construction workers,'2 1" masons, '4 plasterers,'4 15 and reinforced concreters. '5 In the case-control study of Siemiatycki et al II an increased risk for lung cancer was found among those exposed to cement or concrete dust. This finding was possibly confounded by simultaneous exposure to silica, and in the case of exposure to cement the finding was concentrated on lorry drivers," who have in another study been found to have an excess mortality from lung cancer. 32 The results from the study by Pukkala'6 support our finding on lung cancer, as it showed increased risk among reinforced concreters, the SIR was above three and the SIRs for lung cancer were also high among other occupations involved with cement work, such as bricklayers, tile setters, and concrete or cement shutters. The highest SIR for squamous cell lung carcinoma was found among reinforced concreters .16 This is interesting in the light of the findings from the study of Siemiatycki et all" which was on non-adenomous lung cancer.
In their small study of cement manufacturers,4 however, Vestbo et al found an increased risk ratio among cement workers in comparison with population controls but did not find it in comparison with their local controls, who also had an increased risk of lung cancer.4 They also found a higher risk of lung cancer among workers with over 20 years of exposure than among those with less exposure. All the 95% CIs of men exposed to cement, however, included unity.4
Our analysis of the cohort by year of birth shows that the risk of lung cancer affected the younger masons. This implies that the possible worksite risk of lung cancer is a matter of concern for the younger masons as well as the older, indicating that this does not merely affect the past. In the older portion of the cohort there may be many unrecognised cases that occurred before 1955. Although the SIRs for laryngeal cancer were increased they were based on only three cases in this small study, with wide CIs. The case control studies on cancers of the upper aerodigestive tract8 '10 that had excesses of these cancers among workers exposed to cement support our findings, and they also suggest that hexavalent chromium in the cement may play a part in the aetiology of these types of cancers.6 7 10 In this study, we did not find a clear excess of stomach cancer as was found in a cohort study by McDowall,' which was also not confirmed in a study from the United States.2 Neither was there an excess of colon cancer as was found for the right colon in the Swedish cohort and case control studies.5 9 On the other hand, there was an unexpected excess incidence of cancer of the small intestine which was based on only three cases.
The information on smoking among the masons and the Icelandic population sample provides a tool to evaluate the possible confounding due to smoking of the results on incidence of lung cancer.33 Assuming the risk of lung cancer to be one for non-smokers, five for ex-smokers, and 10 for smokers, we get the predictive value of (5.3/5.3) = 1-0. A more conservative method is to combine the exsmokers and the smokers and recalculate the predictive value assuming the risk to be 10 as for smokers, (7 7/6 7) = 1-15. Thus the excess of lung cancer found in the present cohort of masons is unlikely to be explained by confounding due to smoking.2233
Exposure to silica might be a possible confounding factor, as well as tobacco smoking, in this study.11 The evidence that silica is carcinogenic is strongest from cohorts of patients with silicosis. No deaths from silicosis have been found in this cohort.
There is an increase in the risk of lung cancer with increasing time (not necessarily continuous) since first employment. The 95% CIs for the risk of lung cancer are narrow and do not include unity. There are also increasing trends with increasing latency for cancer of the larynx, small intestine, oesophagus, thyroid gland, and cancers of the lymphatic and haematopoietic tissues. The increased risk for all cancers reached 1-33 with narrow 95% CIs when 30 years latency was applied.
We conclude that the increased risk of lung cancer among the masons may be related to their work. The exposure information, although limited, supports the suggestion that hexavalent chromium in the cement may be the causal link, as the findings about smoking habits indicate that controlling for this important possible confounder is adequate.
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